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Animals, including fish, regulate their activity and sleep patterns via an endogenous circadian clock. Sleep is a uni-
versal phenomenon across taxa, including humans, and it serves multiple functions such as neural recovery, meta-
bolic regulation, and immune maintenance. However, sleep in fish is difficult to define solely based on behavior;
therefore, physiological and genetic indicators have commonly been used in parallel to characterize sleep-like states.
These investigations were conducted primarily in a laboratory setting using video-based tracking systems. In this
study, methods for assessing fish activity and sleep were reviewed, and these approaches were applied to black and
red seabream to evaluate their circadian activity patterns. Both the species exhibited stable daily activity rhythms un-
der controlled laboratory conditions. These findings provide baseline information that can contribute to understand-
ing the behavioral and physiological responses of aquaculture species to rising seawater temperatures associated with
climate change, and to the development of appropriate management strategies.

Keywords: Circadian rthythm, Sleep behavior, Fish sleep, Activity thythm, Locomotor analysis

Q2 5 A} WHslA ABEtH(Gibson, 1973; Hurd et al.,
1998; Sanchez-Vazquez et al., 1998; Rillahan et al., 2021). <=

T S 252 sfjuta] ol A )17tel| o] 27]71A] T FEe H2 Tl FA]o] of et A A 35, 719 FaLsh, W7
F=ollA e ARl e 9 85 4otk (Randler, T A 1AL | A thA 24 5 oAk E 7 5S gt
2014; Anafi etal., 2019). o] &3} 2] 52 714 &) &2 i A(Bass Th= AMdo] 275, 27 2 FH55E 5 oot 27l
and Takahashi, 2010), AJ<&(Siegel, 2005), H2](Revel et al., A] A A] =] H A (Stickgold, 2005; Patti et al., 2010; Garbarino et

M E

2006)2F A A% = F83 240w, oheket &7 274 of
YA 285k Ay a5 SEsh=t a5 98 ¢
ch(Pittendrigh and Minis, 1964; Shahkar et al., 2015). ©15F &
Al 9Z7]A(circadian rhythm), %43 4(tidal thythm), A2 4]
(seasonality) 5 TFFSE AlZF AA| Lol A S5 57140 Ho]
o, o]t g5 ol A3, 24 3], o]5 E A& 5 +

al., 2021), o1 <= A+ JA| XEPYE AYejst 1efar Ay
Beks a2oket 3 A A2 FASEL QltH(Duboué et al.,
2011; Jaggard et al., 2018, Leung et al., 2019). u}2}A] o179
A4 83 AAR BE 7143 0 ES olafels AL
A o) %5 Mk ok 2} e 7|97} 44 o) 3t
Yol o] F43H A E Alg S
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L} o1 7-9] &5 F+7]A(circadian activity)i} B]E-57] 2]
TH(sleep) BES Zh-roll HIsh Aoz = 5717
AAFSY O (Kelly et al., 2020), tH5-22] A= 4, 229k 2
S 7l 274 810 o] 7o tiakeat 33F A0l n| A= F3F
o thgt hake AYAS T4 o= o] o Hrh(Lopez-Olmeda
et al., 2006; Steinhausen et al., 2008; Beale et al., 2013; Kelly
et al., 2022; Pintos et al., 2024). A& Alof| A =345 &= A
Al A A} FA oA 9 s BlEe AWste Tl A
7} Q12 ™ (Dominoni et al., 2017; Kondo et al., 2025), A}
I} FA] oA ofF9] BE 7148 1 sl gt &
B A7 Ul BT AAolt). ol 45 BN B
e Y] Ae 549 7] 4] A, o7 & 1t Adolet AH
o)A B4, 22)3 o) 2ue] A ot Hsi) 2

Sl U5 S AR P S i AR A71F vkt
% th(Steinhausen et al., 2008; Kelly et al., 2021; Albeck et al.,
2022; Lesku et al., 2024).

SRR S A AASL BEE B e i 2l
kol el 457198 5 o5 37 20l9] Qo] uteh e
2} 4 th(Eriksson and Veen, 1980; Norman et al., 2024). o] &gt

583l FollA e 2 ke o 9 & 2ls 240 8
o Wk R9loR 23 4 olrk. 4 A7 7| TSR Qg
< 23k o] 7o A A sfjelo] Wl AYejA T == o]
o2 4 9lom, o) o] AJele} W5 bl AR vl A oF
Aol A1 A8 2ok 29102 R E T YtkLee
etal, 2018, 2024). A& 27 f5elo] AlgHAel ofe] A% 4
20 AR, AR S, Blo] HA 9 Aok HE, Ak Lu
57129l 42 7) st o2 25 A E £4] e, % 4
I Y5 2ls= Heoks A 8 dAke|tH(Lopez-Olmeda
et al., 2006; Steinhausen et al., 2008; Sandersfeld et al., 2015).

M A s Soll A o] FA| AL Q= s 7R W 4] of
FeATE 3 =2 AR R, 1A 2 Hol Fg Y
A0 e 5 AAA AR AL e 2B A 8.8l A
2207 w2531 QIth(Barton et al., 1988; Hur et al., 2018;
Lee et al., 2018; Han et al., 2024). o] 2|3t oF4] 743} 7| &
stE QIRk A&l 2 5ol Ao A8 B, FAlof
2| ot 28 Reto] A Sevlo] REsh Aot BE
e o] weto] YRS 4= QItk(Brett, 1971; Nadermann et al.,
2019). 53] S35k o] S EA] gAY BE5H 2lEat
Aolgt A|7belo] Blo] 4o} Bo| wHEE A A 27}
AREE 2, AE Ask WY ofs) Teja A A
7t o= ooj A WA oA o] A7 EE] A
st Uolh Al 27 F2olE 93 & 4 2lrh(Ellott

and Elliott, 2010; Higham et al., 2015; Toni et al., 2019). ©}2}
A QFA] 0T 9] s 771431 o e olsfistaL, o] & 7]
Hro 2 A4 2 21 7] 9 Ho| 37 Al 52 AAISH=
A A T BAE A0 245 913k a4l vhAlet
o Slet

ol S5kl 71E o) At A AR RS, AW T
2 2 A5 WS T A SR o]folflon, U] g
ol W& AR S AlZtolu #57] & o 7o) AEshA 5
71/ A o] ksl AR AR RES ThAsk = Al
L= AR o Lof A A o]th(Hossain et al., 2001; Biswas et
al., 2005; Heo, 2021). Y5 o]F-S o= gt A7 2
2 A 35S T Ate S8k 9o (Yokogawa
et al., 2007; Zhdanova et al., 2008; Sigurgeirsson et al., 2013;
Arnason et al., 2015; Leung et al., 2019), A7 2F4] 0]Z-2 o
FOo = AR A% 270 o] & AEt Al = B Holth 53]
7|53} AjLte] Qo] whE 42 A 2olA A oo
H g5o] of §A Walst=A], ol2|3t Wa} A%, AEE A,
HY W AEE ol ofH A A Q] FF2 vA=AE 8
Ao e 2] Atz obA] 7] Aol =2 Qek(Crawford et
al., 2024). &, 4] o1F Y o 2 &5 F A5 Fel 715
W3} o3 ek AN S F Al ol BAIEE A E o] 91
o= EtekaL, o] & SRS 7| 2 2w ot AEE ARV R
& ofm|gith

ojof] & AtolA= ol 7o BF F714x 1 dfFoll gt
7|E AT AbE A EstaL o] & 71 st whE s s
olgh= 2 Wate}t dAAls Az skt gtk tlEo] ¢4 o
T2 W om B4 a2 20A S5 H Fe2 B
Sl+= pilot study = &l 4~ & 25 7|4 A 7F A 2
oflA &g 7Fset M= A3 7Nk Te] =47 4= Q)
A 1 7R HESFLA} gttt o] Hgk HE2 (1) ol F 4
W 4 g5 259 23l A olsiE 2saL, (2) Y =
w3to] wg o) F A5 wAYUS Aol 71o5h, (3) =4
O 2= A A AE A2 ARl = H s 714
H& E=Yste ol 2R3 72 ARE Algthe AS HAHoR
gtk Uo7t 2 At Aol F Y] 17 B4 5 el A
& 7HEgE AR A A Rlol Qlof, o s KA A
2] o] 2= S84 F2AA7 = A& nhstaLA; g
%) W0l U2 0fF BE F71N4 U 40 53 o
- Atz

ol B 714 AT AlY el S e A B 4] ze-
brafish Danio rerio)ys& 541 0.2 W=7 A 35) £hch(Cahill et
al., 1998; Hurd et al., 1998; Lopez-Olmeda et al., 2006; Caval-
lari et al., 2011; Krylov et al., 2021; Di Rosa et al., 2024). A|
Beka A gre AR A4 Ao 24 Fow o8
2R A 24 U G 0 ol Soldt olRa ¢
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sl 2o 1wl 714 fjElS Aekd o @ skt Y
01 gH:]-(Klmmel et al ,1993). =9 4714 W
Z2 y ko] 27] 2, Wo) A
4 W opel oA 5 2l5E S0 viok
(Cavallari et al 2011; Ben-Moshe Livne et al., 2016).
olsh 1ol § ol E AAOE 1 el A% oH
T ALA, =4 AlA 58 E-83) oFA = SoFAY(semi-wild)
Sell 0] U BEA, oFWAFHA o3 % 24 279}
AAE o]F el B35} th(Whitney et al., 2007; Lesku et
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(Whltney et al., 2007). 0]9} —“.7-—_ Zﬂ Hglu] 29} o
e XS AR T2 v‘i‘—‘?r;“ﬂ*i e 71T = FAL
sol dl, =2, AQF S T2 3H Qjlof ulef o] E A =
AE =R 5 Hola, o] 3 S e A-19] 5a3 |
L 7|9k Alg-steleh. oheet F7] Zﬁoﬂﬁ olFo &+
711} O A= ol B W 578 A T S5t
= P 75k A=ol °l—r°1x]"’ SATH(Table 1).

a4 Haol T2 07 S =Y A7 Al
s WEtE 1S AEA HEe FE £ 2] b

Table 1. Case studies on circadian rhythms and sleep behavior of fish under varying photoperiods

Species

Analysis

Reference

School shark
Galeorhinus galeus

Smooth-hound under 12:12 LD conditions

Measurement of swimming distance, speed, and movement activity patterns

Kelly et al. (2020)

Mustelus lenticulatus
Spiny dogfish
Squalus acanthias
Measurement of swimming distance, speed, and movement activity patterns
Port jackson under 12:12LD conditions,g P ’e Kelly etal. (2020)
Shark  Heterodontus : :
portusjacksoni After 24-48 hours of video recording N
Define of inactivity sleep (=5 minutes) and postural stability, and recovery Kelly et al. (2021)
sleep
Measurement of swimming distance, speed, and movement activity patterns
Draughtsboard shark under 12:12LD conditions Kelly et al. (2020)
Cephaloscyllium After 24-48 hours of video recording
Isabellum Define of inactivity sleep (=5 minutes) and postural stability, and recovery Kelly et al. (2021)
sleep
Medaka Analysis of activity and spawning rhythms by manipulating feeding time under Weber and Spieler
Oryzias latipes LD conditions (1987)
t(i:(;rﬁ:dlan rhythm analysis after measuring activity under LD and DD condi- Hurd et al. (1998)
tCi:(l)rr::sadlan rhythm analysis after measuring activity under LD and DD condi- Cahill et al. (1998)
Zebrafish

Circadian rhythm analysis after feeding time manipulation

Di Rosa et al. (2024)

Danio rerio

Sleep assessment based on inactivity, hyporesponsiveness, and eye move-

Arnason et al.

ment (2015)
Analysis of activity and sleep-wake rhythm under LD, LL, and DD conditions (Szlgajgg)elrsson etal.

Schooling fish

Tilapia mossambica posture

Sleep assessment using nocturnal inactivity, decreased reactivity, and resting

Shapiro and Hep-
burn (1976)

Banded knifefish
Gymnotus carapo

Sleep analysis using EOD frequency changes and inactivity indicators

Stopa and Hoshino
(1999)

Mediterranean rainbow wrasse Assessment of sleep-like behavior using nocturnal hiding in sand and reduced

Coris julis movement

Videler et al. (1988)

LD, Light-dark cycle; DD, Constant darkness; LL, Constant light; EOD, Electric organ discharge.
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g A 42 AlLE B A 42 BHolA] ololH g
th(Vera et al., 2023). £3] A3 wdl o]F o7 sy A Ha}
T41E o= 238 Alue| oA 7] ds5t 3 &
Al 5o of BA HIFsh=A] H7Igt 5ol F2 H A ek
(Lopez-Olmeda et al., 2006; Vera et al., 2023). o] & A A
T 2 5o @] of 7o AW A= 5717 1=
T "ol -2 H 59§ ol SAIZI AU Y A
&4 MEe o 245K fragmentation)E F-=8 4 Q1AL
(Steinhausen et al., 2008; Sandersfeld et al., 2015), 42 A5
o] o} Fo] e 71Tt of e 4 iz 4 Alzbehe] Al
T 2E7tuEnE HE & vl(Table 2), =2 WMo} e 2l
o] 24 wAY S A A Y= vl 7= AR
(Papastamatiou et al., 2015).

23 AR ] AR R ageo) w053 Al
SHol| A et =Y = ar 9l om, AA| 4by Aol 717k 2
22 WS, heket o4 ol 58 e Al How
43 A Basth whebA shof £usbl ol ol S 2
& 250l mlAl= FFe olslistr] HlsliAl= thakRt oA o
© &2 S AAAR Aot AA A dY 21 g
7] Aol 7193t Aol

HICI2E 0[&¢ 07 es mE =24
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ol ofN it Hr kN

Wy
©
%0
fu)
o,
ojN A
o
o
~N
=
Bl
X
rlo
-N
U
i [
D U
[DaE
2

2
>
o2
e
=)

Chen, 2017), 0}52.9] 9% BE4 Ei= A27] 258 318}
918 B2 2D HlH & -GS ARS8l $ith(Johansen et al.,
2014; Yoshizawa et al., 2015; Zhou et al., 2017; Jaggard et al.,
2018; Audira et al., 2019; Kelly et al., 2020; Karaman et al.,
2023; Lesku et al., 2024). o]&]gt I HL2 7iv|2tE 2 A

a7 AAsto] o 7ol o] = FH A o] FofA]
3 52 2 YEUEE ¢FS 2 4(Qian and Chen, 2017),

370] HBES ol 4 Lor, 231 WIS 53t 4
tH(Johansen et al., 2014). =3}, 4229 pAo] 2] ¢k 79
o159 22 QL R ST A o 2oj7]7] W2 2D B
Grio] &2 o|tH(Cuietal., 2025). =3He F44-2 SwisTrack
(Lochmatter et al., 2008), EthoVison XT (Noldus et al., 2001),
DeepLabCut (Mathis et al., 2018) 51} & AZEQo]E &
S A 9141, &=, olF A T A HlolE &= HgkE o o]
E7ke g G54, -2 Y, 457] dE 24 sl &
|-EtK(Table 3).

St HAQH A AOIB 0l CHEH s SFHAE
FEuEle] =8 oFA] ofF 5 shUel /= (Acanthopagrus
schlegelir), Zr&(Pagrus major) ¥ &-=(Oplegnathus fascia-
fus) 5 S| ER 3 Wik sl TR ale A o] of
Fo] x| a1 Qlth(Hwang et al., 2014). Z|- 7| S H 32 Q13t 8=
& AT o HBlEkA B S71E A4 AR iE 5 glo.
™ (Kim, 2022), &79] Aol 325 0] Qle Fafiehe v
Qo] vl Bl A whEgt -2 0 2 W2 A]- 24 o]F ol R
Q1 E5 ofeia 817 wiste] QRS AU A OR W 154
of Eth AA sl s A g AMdst 2 A =79 A
&k A2 7] A8l Akl 7F AL v QIeK(Shim et al., 2013).
deu, 71E At 8 2 WS mhE Ak A, A%
402, AT WFS 5 A A ol 28 531 9L (Jeong
et al., 2007; Kim et al., 2011), 35 U A2 4 2|5 ZHolA
o MBI BT BT 20 ol RY| UM TE |5
I Y5 o] o WIS FHsl=A ol thet 22 Q1 o] sf
+ oA s] fEolh 29 sl i s E o HIkE =
Ast7] Slal A4 B -8 BT HES o 7]
& H 315 9 (Audira et al., 2019; Kelly et al., 2020)<1 H]t]

Table 2. Case studies on behavioral responses of fish to water temperature

Species

Analysis Reference

Red seabream Pagrus major

Swimming and behavior analysis under conditions of decreasing
temperature from 20°C to 0°C, 2°C (12 h), and 4°C (24 h)

Yoon (2021)

Angelfish Pterophyllum scalare

Behavioral analysis under stress conditions due to changes in
low temperature (16°C) and high temperature (36°C)

Kim et al. (2021)

Coral trout Plectropomus leopardus,

Activity and rest behavior analysis at 24°C, 27°C, 30°C and 33°C

Johansen et al.

Serranidae (2014)

) , . Analysis of circadian changes in preferred temperature based on a Vera et al.
Zebrafish Danio rerio temperature gradient tank (24-31°C) (2023)
Nile tilapia Oreochromis niloticus Analysis of circadian changes in preferred temperature based on a Vera et al.

P temperature gradient tank (26—-34°C) (2023)

Behavioral response analysis under LED light source conditions (20°C) with

Rock bream Oplegnathus fasciatus increasing water temperature (1°C increase per day from 20°C to 31°C),

Heo et al. (2017)

decreasing water temperature (1°C decrease per day from 20°C to 10°C)
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Aol sl e AEAdE W wgtofaba] A
Ao A ARS 391 S 17]4](28.5 em, 382.3 )9} HHE 1
ZHA(26.5 cm, 366.2 g)& AHE-SHITE 752 2025 84 7
URE] 12U7HA], -2 12U 58] 1TU47HA] 2H2F 1< gt
ek F9 A 2E A= 20°C & 270014 oA IF2] 1.0~
1.5% vl&= WAL= (2 $keF 52.0%; Dachanfeed Co.
Ltd., Incheon, Korea)E 533 2|5} ) H|t] @ 22
|2 2348 A AE](Oh et al., 2020) W] AR Z22(40 X 40 X 41
cm)oflA] Z18gst9] o m, 824 F-S $18F 375 2 L/min &
A fFABHAT Aol A7 AR A 48417 A A1 53l A
2 A3 w2 JgS 43 th3- 2-phenoxyethanol (Junsei
Chemical Co., Ltd., Koshigaya, Japan) 150 mg/L= T} A|A
A FAE S8 5 A2/ W AR 20 8513 A
d 7175 22 20°CE AL R 8EA = 2
7} 34.2-34.4 psu®} 6.0-6.2 mg/L W9 gon, wol= FF3

oA = % BRI A o] 50| 2 =% light box (Audira et
al., 2019)+= 35x35 cm =27]9] of= & AWF 9of white LED
strip (5050 SMD diode)®} IR LED strip (850nm SMD 5050)
= ARk Zolof gty Aeket F| A2 wakshe s w2 skqich. 2t
LED strip 54 E7712] 4-584 24 d43len, =4 A

Table 3. Case studies on video-based behavioral analysis in fish.

s 2E 633

U2 g 7o skt 2o ¥l7] 24-E 2l oHY 1€}
A Afolof] 9] 37| (dimmer)E A
light box= 4| 7] o]z o} W= Ae|F o= v 22| sf
Tz Ao AYsteE a4t 8 7]+ 12:12 LD (06:00—
18:00 light, 18:00-06:00 dark)= A3}t ¥ Al7tdjol=
white LED (light emitting diode) strip<, ®FA|ZFoll= IR
(Infrared) LED stripo] 25 Efo] ZAEE 53 H5ETs
TABEATh S AIZE ARS =2 W 2= 2F 10,000-20,000
lux$ict. W g4k wFLsHA whe7] 918l =% Bleoll= 3<
AP BES FARE ofm g whS AAE] o] 7o S A YUE
ArgsHA T = Q== STt of L H TS o HiH o]
Zmo| ol e E = AS ol 24 F42 =3lch(Fig. 1).

A oll= 2] 174(C922 Pro HD Stream Webcam; Logi-
tech, Suzhou, China)& AME-3}STE 2 7o+ 7Aooz
2 914 AFH(IR-cut) B 7F F2kE|of glof ofZF IR #edo] &
7F&3ll IR-cut ZE|E AAZcE e AA F 7= 24 5
d 2AIE sidst] el A2E AAYFCR IHAA =5
O 72 235 2As 7ilehs =] 2 mé| A E &8
off 2 Ao R RE OF 121 em =olof] AT thy F
ARE-SHRATEE

GA} te5lo]l = o] M ¢l to| A H. 1% Open Broadcaster Soft-
ware (Kristandl, 20215 AM519 0 M, =535} otd-2 A 7F o
9](1280 % 720 px, 30 fps) 2 A5 A= =2 Mg sleic).
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F9] o]

71§18l AR A4S sk P4 A oll= DeepLabCut,
idTracker (Pérez-Escudero et al., 2014)2} ImageJ (Abramoff
et al., 20045 Ak 7 Z2 T3] Bl A WAl
I glole 8 A4S vus) E 2l dEEE o e
A H7a) Q8 A 4R 2ES Mg ekt 24 7]

Species Analysis software and behavioral metrics Reference
EthoVision XT: Analysis of total distance, average velocity, latency to upper half, time Karaman et al.

Zebrafish in upper half, zone transitions, number of erratic movement and freezing bouts. (2023)

Danio rerio idTracker: frame-by-frame extraction of x-y coordinates Audira et al.
ImageJ (FIJI): locomotion activity using the pixel-change method (2019)

Coral trout
Plectropomus leopardus

Logger Pro v.3.8.6 (Vernier software): frame-by-frame extraction of x-y coordinates,
spontaneous swimming speed (body lengths per second, bl/s), bottom-resting fre-
quency (number of individuals resting motionless >5s)

Johansen et al.
(2014)

Cavefish EthoVision XT 7.1: Swimming distance, waking velocity, sleep duration (inactivity >1 ~ Yoshizawa et
Astyanax mexicanus min), sleep bout duration, stimulus response threshold al. (2015)
Draughtsboard shark Digi: frame-by-frame extraction raw x-y coordinates Lesku et al.

Cephaloscyllium isabellum wakefulness/ sleep),

Matlab: Filters and processes tracking data, classifies behavioral states (active/ quiet (2024)
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Fig. 1. Alight box was placed beneath the tank, and an acrylic plate
coated with a light-diffusing film was installed on the tank bottom
to ensure even light distribution. The light box was programmed to
automatically switch between the white LED strip during the day
and the IR LED strip at night according to the set schedule. This
setup, connected to the computer controlling the camera, allowed
continuous monitoring of fish behavior during both daytime (top)
and nighttime (bottom).
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Fig. 2. In the DeepLabCut (upper panel), body parts such as the head, trunk, pectoral fin, and caudal fin were labeled as points (left) and then
connected with lines to construct a basic body shape (skeleton). This helps maintain the anatomical structure during tracking and ensures
consistent detection of each labeled point. The output provides the x—y coordinates of each body part along with a likelihood score indicating
the confidence of each estimate. In the EthoGrid (lower panel), provided tracking videos, trajectory plots, activity plots, activity heatmaps,

and coordinate data with confidence of each estimate.
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Fig. 3. Frame-based pixel change analysis using Matlab and ImageJ. In the Matlab (upper panel), the right panel shows the diff frame the
1fps video, whereas the left panel shows the diff frame from the 30fps video. In the Image] (lower panel), both the target object and sur-
rounding noise were detected together.

EH S e A 2 2 & off DeepLabCut®] <5k 2] 2ar 21 9 7] 5o ko= JFF W o' AhE vo]
= PlsiA B gl asiths A& & 4= 313Itk(Scholz B O] A4S R[St AT 9] B5 2l A4 w2 2 Y
et al,, 2025). HA| = DeepLabCut% 285l o] F AlA F9lut et A dsict. FAl ot 71k A2 o) el vizk
Y= FAT 71E A2 i G Zol @7t e 517] wjszoll o] L 7o) v vk e} o] 77t gl vl
2 o) ”LOPE}(Suryanto et al., 2022 Wu et al., 2024). o]+ T} o] Fr) ESE TS H| ek HlA]o] o] 85 v
DeepLabCuto] AA|7F GAMS BAab7|ofl= a7 98-S B QlckKelly et al., 2020). o] 23t 1L s1efahe ZAl 7]wf B4
ofF=m, 11 AZF O] 5 2] A Hoke £ AA feu 5 & AT FdollA B/ o] WekE wetshs b -85,
A WS o= ©7] G B4l At Bt &2 wE 2P HRAE 2 W 7|2, o2 e Tl o] = AIAE ¢
Matlab h AP 2 = o] 27t gle HY B 50l HaF ot

A HaleF 7|8k B of A= 7h e Q)-8 Bl (grayscale) O idTracker2t ImageJ
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= ekt A ARGl e 1FAfol & ALl whE Akl 5w, DeepLabCut} 5 U3HA #322] 42| % ghs 3 A%
(different frame)2 2Q15FATE o 7-9] a-2to] ¥R 214 o < gt} Imagel+= T4l B17] W3} 2ol 5 7|Rte 2 JabS A
O 2 e} o] B3] ol 7S A5k =Y 7F Afo| = AAE 3}s}h, stack difference &2 12137} time series analyzer 22
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© A= TR 1 fps W2 HloJE &4 -27F 3171 = AARSHL Ag- o 2 AAF Hlo|HE AR B3 vl AR
ool Yt /330 fps)yS o8-l T YT Al o= T A W) £ AR A2l £ B FFAIE 4 e 71 AtelA=
T A2 skt 30 fps FAFollA = TS grayscale idTracker7} o549, &= T1e|3 Bg 5 AU F 24
= Wk 5 97| 2ol & AL At E HESHIeh 1 4 o) A3tslar, Imagel= thedh -&-21¢] 7]8F B4 o] H3}airt=

T}, 1 fps FAfol| v] ] o] 7 QlA]o] Al & o & oF5HA| LlelytTh o] ®11H v} Qlth(Audira et al., 2019). idTracker®} Image]
(Fig. 3). ol Tl % Z7h2 QU9 T Q) Wek g, T 2 g BAS A 2k, o RS 2R FRBO| ST
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Fig. 4. The plots mean hourly activity rhythms of black seabream (top) and red seabream (bottom). The white background indicates the dark
phase (lights off), and the yellow background indicates the phase (lights on).
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